Background: This report presents a case of an adult Polish women of Caucasian origin who was heterozygous for the nondeletional mutation: Hb Handsworth (HBA2 or HBA1: c.55G > C, p.Gly19Arg) and deletional (-α 3.7 ) α-thalassemia mutation. Methods: The HbA 2 and HbF levels were measured by microcolumn chromatography and alkaline denaturation procedure, respectively, while electrophoresis was used to detect pathological hemoglobin fraction. The β-and α-globin genotypes were determined by DNA sequencing, gap-polymerase chain reaction, α gene triplication and MLPA. Results: The HbA 2 and HbF levels were normal, but hemoglobin electrophoresis on agarose gel alkaline pH showed a strong band migration in a position of hemoglobin S and faint bands in the neighborhood of band A on acid electrophoresis. Molecular analysis of the alpha globin cluster detected a point mutation at codon 19 in HBA2 (c.55G > C, p.Gl-y19Arg) and deletion -α 3.7 . Conclusions: Our compound heterozygosity does not produce severe clinical or hematological symptoms but it is important to say that in our part of Europe such cases do appear. Molecular analysis of the alpha globin cluster is required for correct diagnosis in patients with normal HbA 2 levels. Compound heterozygosity was unmasked by molecular diagnosis only.
Introduction
Inherited hemoglobinopathies are a large group of disorders that include thalassemia syndromes and structural hemoglobin (Hb) The nondeletional mutations (point mutations or oligonucleotide insertions/deletions) have been recognized occasionally. Some of them may lead to more severe reduction in α-chain synthesis than the deletion α + -thalassemia [1] whereas others lead to abnormal α chain hemoglobins (α globin chain variants) which are non pathological [2, 3] . In this report we present the compound heterozygosity for nondeletional (Hb Handsworth) and deletional (-α 3.7 ) α-thalassemia mutations in an adult Polish woman. The 3.7 single-gene deletion (rightward deletion) is the most common alpha-thalassemia mutation worldwide [4] and in Poland [5, 6] . It is caused by reciprocal (inverse) recombination between Z segments (in α -globin gene cluster) during meiosis whereas the, Hb Handsworth (HBA2 or HBA1: c.55G > C, p.Gly19Arg) is rare and has never been detected in the Polish population. The first case of Hb Handsworth was determined in a 12
year old boy of West Indian origin [7] . It was also detected in a British patient [8] , an Iran patient [3] and an inhabitant of the Netherlands [9] .
In HPLC (high-performance liquid chromatography) analysis as well as in other routine laboratory methods the hemoglobin coded by DNA with this mutation, can be mistaken with HbS since both elute in the "S" window compartment [10] .
The aim of this communication is to highlight the occurrence of compound hetreozygotes in α-globin gene defects in Northern
Europe.
Materials and methods
A 32-year-old Polish woman was diagnosed for red blood cell , --THAI as described by Kidd et al. [11] and α gene triplications using the
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PCR [12] . Results were visualized by separating PCR products using ethidium bromide-stained 2% agarose gel electrophoresis.
Multiplex ligation-dependent probe amplification (MLPA) assay in α-globin gene cluster was performed using the Salsa MLPA P140-C1
HBA kit (MRC-Holland, Amsterdam, The Netherlands) according to the manufacturer's instructions.
DNA sequencing of HBA2, HBA1 [13] and HBB was performed using Direct sequencing of the β-globin gene showed no mutations that might lead to pathological changes in the protein and direct sequencing of HBA2, HBA1 genes revealed the presence of GGC (Gly) to CGC (Arg) substitution at codon 19 in HBA2 (Fig. 2) . Further alpha globin gene study (gap-PCR and MLPA) revealed this woman to be a carrier of the deletion -α 3.7 (Fig. 3) . The presence of α gene triplications was excluded.
Discussion
In this paper we report a case of simultaneous detection of Hb
Handsworth and a -α 3.7 -thalassemia deletion mutation in an adult woman of Caucasisn origin. To the best of our knowledge this is the first report of such case in Poland. Thalassemia alpha, as well as thalassemia beta belong to a group of genetic disorders of hemoglobin synthesis both of which are rare in Northern Europe.
Until quite recently these diseases were considered non-existent healthcare problems in Poland.
For many years the diagnosis of β-thalassemia both in our Institute laboratory and in other countries, was mainly based on the level of HbA 2 [14, 15, 16] and α-thalassemia remained undiagnosed.
Following the implememntation of molecular techniques (gap-PCR, MLPA, sequencing of genes) we recognized several cases of α-thalassemia with various molecular backgrounds [5, 6] .
The woman described in this paper has microcytosis and hipochromia with no evidence of iron deficiency. She had been given oral iron suplementation several times. Family history of hereditary anemia is unavailable.
Biochemical analysis for quantization of HbA 2 and HbF was normal but band migration with HbS position on alkaline electrophoresis and additional band on acid electrophoresis suggest that the patient has hemoglobinopathy. It is noteworthy that the presence of band migration at the HbS position on alkaline agarose gel can lead to misdiagnosis in the diagnostic schedules for thalassemia/hemoglobinopathy. We performed the sequencing of HBB gene and no mutations in this gene were detected. We also performed sequencing of HBA2 and HBA1
genes which revealed homozygous point mutation that results in the appearance of Hb Handsworth in HBA2 gene. We then found that the patient carried a single gene -α 3.7 deletion. One must note that the primers specific for normal α-2 globin gene cannot amplify the fusion α gene on the chromosome with the -α 3.7 deletion. We must conclude that mutation: HBA2: c.55G>C is in trans to the -α 3.7 deletion.
Hb Handsworth like some α variants seems to be clinically asymptomatic (normal MCV and MCH) [3, 17, 18] , but our case carries -α 3.7 deletion allele as well. Our double heterozygote however presented only mild anemia, which is typical for silent α-thalassemia phenotype.
It is noteworthy that Hb Handsworth diagnosis may be problematic as this hemoglobin "co-migrates" with HbS on agarose alkaline electrophoresis and creates very mild bands in acid electrophoresis.
Routine use of molecular biology techniques such as gap-PCR, gene sequencing, and MLPA allowed for better defining of thalassemic genotypes (compound heterozygosity for abnormal hemoglobin and thalassemia mutations) and for correction of differential diagnosis of microcytic anemia.
We presented the molecular analysis of thalassemias taking into account the process of spreading multi-ethnicity in Northern Europe which results in growing consciousness of the problem assiociated with the common hemoglobinopathies such as HbS [19] . We must emphasize however that our particular case was detected in a Caucasian woman, which may suggest that alfa thalassemia and hemoglobinopathies are also present in the Polish population but were undetected prior to implementation of molecular biology methods. Confirmation of thalassemia diagnosis is important because 
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